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A newborn boy had meconium aspiration syndrome, hypospadias, a 
supernumerary digit on the left hand, hyperbibVubinemia, a fractured 
right clavicle, osteopenia, liver calcification, and mild pulmonary hyper- 
plasia, Cytogenetic studies showed a chromosome 13 with additional 
material in 33% of the metaphases. The add(13) was considered to be a 
probable duplication of 3 3<jl2q22. The 13 paint probe hybridized 10 
the add(13) from end to end. Fluorescence in situ hybridization (FISH) 
studies using retinoblastoma probe (RB)-1 that maps to I3ql4 and 
D13S585 that maps to 13q32~q33 gave one signal for RB and three 
signals for D13S585. The pattern of the three signals from the 
] 3q32q33 region and the G-banding paitern was best explained as a 
triplication of 13q22q33, with an inverted middle repeat resulting in 
tetrasomy for this segment. Mosaicism was confirmed by FISH using a 
D13S585 probe on a buccal smear. Three triplications detected in our 
laboratory were compared - 13q22q33, 15qllql3, and 2qll.2q21. 
FISH was critical in identiiymg'triplications 13q22q33 and I5qllql3 
The hybridization pattern also indicated an inverted middle repeat- We 
conclude that intrachromosomal triplications may be more prevalent 
than previously assumed and they probably share a common mecha- 
nism in their formation. When the G-bands do not correspond exactly 
to a duplication or to a tandem triplication, an important consider- 
ation is thai the majority of triplications have an inverted middle re- 
peat. Triplications can be mistaken for duplications. Therefore, in 
assessing duplications, FISH confirmation is recommended. 
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Intrachromosomal triplications producing partial 
tetrasomy are rare; at least 16 patients have been 
described involving six chromosomes <2q37 f 
2qll.2q2J, 5pl4pl5.33, 7p21.3p22, 9pl3p22, 
9p22pter, 10q26, 15qllql3 (8 cases), and 
I6ql2.1ql2.2 ) (Table 2). In this study, a novel 
mosaic triplication of 13q22q33 is reported and 
compared with other tetrasomies and trisomies for 
thus region. The triplication 2qll.2q21 included in 
this study has been previously published (1). Tripli- 
cations in the literature and those identified in our 
laboratory are reviewed to gain further insights 
into this rare abnormality. 

Clinical report 

A newborn male who weighed 3850 g was born 
after a 39-week gestation to a 15-year-old Gl, P0, 
0 + single white female. Pregnancy was compli- 



cated by Chlamydia infection, which was treated in 
early pregnancy, and smoking two packs of 
cigarettes per day. The delivery was normal. Apgar 
scores were 2 at 1 min, 6 at 5 min, and 7 at 10 min. 
Thick meconium -stained fluids were noted below 
the vocal cords in the delivery room. The patient 
required resuscitation and was on a mechanical 
ventilator. Chest X-ray was unremarkable for a 
bell shaped thorax and slightly dysplastfc-appear- 
ing ribs. Lung fields were relatively clear and. nor- 
mal cardiac silhouette was noted. The patient's 
respiratory status improved over the first 24 h. 

On initial physical examination the patient had 
moderate hypospadias, a supernumerary digit on 
the left hand (Fig. 1). 

A skeletal survey showed osteopenic bone densi 
ties, a slightly dysmorphic-ap pea ring skull with 
significant osteopenia and generalized thinning of 
the calvaria, and a fractured right clavicle (Fig. 2). 
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The lean and renal anatomy were normal by 
ultrasound .canning. However, multiple calcified 
ksions were noted within the liver (Hr 3i The 
investigation for TORCH (acron^n foMoxopi! 

and Herpes ; simplex) infections was negative a 
different*! diagnosis for the liver lesions 

cerLv Cnr^K^ V* 6 " 11 G 5 "* 4 > had oto- 
cephaly, frontal bossing, with prominent fontanels 

and tempora bones. Hypertelorism? Sri 

ST^ V 1 ™ 1 Up ' and cPicanthic foW we« 
observed. The nose was bulbous and the n^sal 

£ He hTd «T d ™i^™>*- Tbe ~rs were ow 

lowcfbt J, J 8 ^ r" 1 ' 4 ,hin ^ 1; P. thick 
lower hp and a smaji mandiHe The 

short, with extra folds of skin, and erythema w£ 
observed. The nipples were wide set. 
Cytogenetic studies 

thymidme (2.5 ug/mJ; #T50l 8 , SigmaKor 55 h 

SKSfi C h diti ° n * ^^0^ 
were harvested. Chromosomes were GTG-banded. 
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were rtrf^ * " f" 1 ^ 0 " (^SH) studies 

some 13 and 2, retinoblastoma (RB) that macs 

SNRp'n ' ? 13S f ' hat mSpS 10 '^SV and 
SNRPN located ,n ]5qll q i 3 (0ncor ' Inc 

Gaitbersburg MD). The shdes were denatured in' 
ZllTTu f * SSC 81 70 ° C for 2 ™. fol- 
ilclo, T hydra ", 0n " 70 ' 80 ' and a bs°'«'e 
to^he S.LT T r S ° f ^ probe wwe "PPl^ 

scam 4,6-d,amid I no-2-phcny]indol c (DAPI) 
An archived 1996 FISH slide of trp05> was 

?n , * , T" FolIowin 8 incubation overnight 
m a hunnd chamber at 37*C rhe «iw 
VL,oc-hr»H ;„ o cp/> J/ cne slides were 

wdsnea in 2 x SSC at lo^r r ~ <- • ^ 

wa S cwd out «;!^ 

digoxigenm and counterstain DAPI. 
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witw ^ 0f ^ P 3 ^' "as ringed twice 

Xh A 8 P remoist <™«' applicator or 
^ytobrush. A smear was made by spreading the 

SETOSE aCr ° S£ 3 P^^ clet 

suae, j lie slides were fixed in etbaool before lvW 

for 15-20 min -ri. L * 51337-1, Sigma) at 45'C 
in 2 x SSC feH C 7. thC Sl ' de WM rin8ed tor 1 ™« 

dehydrated i„ ^ £ and XT"", *" d 

min earh „r 95 ethan oJ senes for 2 

according to the standard procedure. 

Results 

casT '^P^yte cultures was performed. In 

?d U rtl3Wol9o^ hrOm0S ° me 13 duplication. 

136 




^£ < The facia] feature* *r 

Wurc * of Parent a( four mouths 



Studies of intrachroroosomal Triplications 



Tabte 1. Cytogenetic and PISH resute from Pa three treasons in this study 
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triplicated segment and their 



to end (Fig. 6A). The D13S585 probe gave two 
signals on the abnormal 13, the proximal signal 
was consistently larger than the distal signal (Fig 
6B). In interphases, 23% (45/200) had four signals 
(Fig. 6C) and two signals were frequently contigu- 
ous to each other. The RB probe gave a single 
signal on each of the two chromosomes 13 (Fig. 
6D). The D13S585 pattern in interphases and the 
larger proximal signal on the abnormal chromo- 
some 13 were an indication of an inverted middle 
repeat and of the distal position of this probe 
wiihm the repeat (Fig. 8). The FISH finding sug- 
gested triplication of D13S585, and when collated 
with a G^banding pattern, triplication of 13q22q33 
with an inverted middle repeat was apparent 
Therefore, the karyotype w as dt novo mos 
46,XY,?dup(l 3Xq 1 2q22)[7]/46,X Y [14] ish 
trp(13)(q22q33) (wcpI3 + , D13S585 + + +, RB- 
1 + ). The mosaicism Was confirmed in buccal 
smears using FISH and a D13S585 probe; 41% 
(18/44) of the interphases had four signals (Fig. 
6E). Both parents' chromosome studies were nor- 
mal m 50 metaphases studied. Therefore, the tripli- 
cation is a de novo event. 

Case 2 in G-banded metaphases was thought to 
have a duplication of 15qllql3 (Table 1, Fig. 5). 
FISH with a SNRPN probe gave three signals on 
one chromosome 15 (Fig 7A). This confirmed a 
tnphdtion of I5qllql3. The DISS II probe that 
maps proximal to SNRPN gave two signals on a 



chromosome 15. The distal signal was consistently 
larger than the proximal signal (Fig. 7B). In inter- 
phases, the D15S11 probe gave four signals, and 
two signals were contiguous or very close to each 
other in the majority of cells (Fig. 7C). This 
strongly suggested a triplication with an inverted 
middle segment (Fig, 8). 

The third case was a trp(2Xql 1.2q21), which was 
identified in G-banding (Fig. 5). Coatasome 2 
painted the triplicated chromosome from end to 
end. 



Discussion 

Mosaic tetrasomy for the terminal long arm of 
chromosome 13 has been reported previously (2- 
4) in the form of acentric markers. In this study, 
wc describe the first mosaic intrachromosomal 
triplication of 13q22q33 and compare the pheno- 
type to cases with duplication of 13q2lqter. The 
trisomy 13q2lqter clinical features (5) (from the 
Oxford Medical Database: Cytogenetics) found in 
our patient were frontal bossing, hypertelorism, 
palpebral fissures that slant up, bulbous nasal tip, 
small short nose, low-set ears, long philtrum, small 
mandible, thin upper lip, thick broad neck and 
post-axial Polydactyly of the fingers. Our patient 
shared many of ihe facial features with trisomy 
13q21qter. 
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Liver calcification observed in 1/1750 fetuses (6) 
has been associated with prenatal viral infections, 
tumor or vascular embolism, hemangiomata, or 
vascular thrombosis (6). Such calcification has been 
observed m cases with chromosome abnormalities 
such as monosomy X, trisomies 9, 13, 18, 21 and 



partial trisomies 6 and 14 (7-12). Our patient was 
investigated for TORCH infections and found to 
be negative; therefore, the probable cause for the 
hepatic lesions is vascular insufficiency. 

The chromosome region 15qllql3 appears to be 
prone to triplication since it is involved in 50% of 
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Fig. 7. FISH asceruinment of lrp<l5)<qllol3): A) SNRPN 
probe p,™ lhr « ^ on ^ iJ",^ j,£J>2S? 

Si S 'rrl ,nd * nn « l<! on the normal 15 (arrow- 

head). O In uKerpb.ses, Aire ww , hKe ti ^ r £™ 

«<*j two «rt contiguous to each other (arrow). 

the reported cases (Table 2) (1, 3 13-24) T t u 
possible that the same hot spots involved in small 
inversion duplications and deletions of 15qllql3 
(25) may also be involved in the triplications A 
majority of triplications have an inverted middle 
J™ ' S! 8 T rt,nB ' common danism of origin 
Zt ?• tn P lications ™=re on the mater- 

nally inherited chromosome and two on the pater- 
nal chromosome. The long prophase 1 of oogenesis 
may be the cause for the maternal triplication. 

The mechanisms postulated in the formation of 
triplication were reviewed by Wang et al. (1999) 
(U- In summary. Schinzel et al. (1994) (19) suo . 
gated that intrachromosomal triplications arise 

nverted duplication of 15pterq31, which occurs 
|Wly frequent y and is usually maternal in origin 
The mv du P (I5) breaks and recombines with a 
ThTis ' t: omosorae 15 10 f °™ «he triplication. 

m 0 soma,T°'r eP . PrOCeSS ' Al «=™<^ly, intrachro- 
mosomal tnpl.cat.ons are compatible w«h U-type 
"Changes among three chromatids (1) in one s£T 
Both these models can explain ihV V™,? 
nmiIr .„ r . , "piain tne concomitant 

su^t,r ,n '™ chrom °">nial triplication and a 

d,CCmriC marker **" ^ the case 
reported by Long et al. (1998) (23). In the two 
mechanisms outlined, the DNA polymorphi ms 
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a smaller <lmal B^The DJ5S11 )ocu 5 when * £ 

^oxim-I rcg.on of the triplicated , egracm »nd the middle 
averted; the pattern of hybridation would be a 

^ Md « dW signal on chromo- 

some 15 or two contiguous signals in interphases 

nooll n^T b ,° tb 1 ) oraol °e s ' b ^ Harrison et al. 
(1998) (14) found polymorphisms derived from a 
single chromosome, suggesting yet another mecha- 
nism. The mosaic 13q21q33 triplication found in 
this study ,s most probably a mitotic event. If the 
triplication was meiotic in origin, the subsequent 
Jormation of the normal ceils by the loss of the 
triplicated 13 and the nondisjunction of the normal 
13 would result m both chromosomes 13 havinn 
identical polymorphism. Since that is not the case 
(frig. 9), a mitotic event is the most likely 
explanation, J 
Among the three triplications - 2ql].2q21 
I5qlJql3, and 13q22q33 - detected in our iabora' 
tory, only triplication 2qll.2q21 was discerned m 
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